The spatial interpolation and mapping of renewable energy resources is an important task of potential estimation of atmospheric renewable energy sources. First the global radiation on horizontal surfaces and near-surface wind speed at 10 m height above the surface (not at 60-120 m, which is the height of contemporary wind turbines) is measured. Based on standard meteorological observations, the experts of the Hungarian Meteorological Service elaborated a series of digital maps with 0.1°×0.1° resolution. The grid-point values are based on homogenised data using MASH theory and soft ware. The study tackles solar and wind energy from four aspects. Firstly, a trial for validation of the gridded data is provided by a comparison between a single station, Eger and the very closely located grid-point values. Secondly, the annual cycles of the areal-mean global radiation and wind speed are presented, based on the gridded data of a selected area of 50×50 km. Both the averages and the standard deviations of the diurnal mean values are presented for the 1981-2010 reference period. Presenting the maps of the distribution within the area is the third issue with average and standard deviation values. Finally, the point-wise trends are drawn for both energy sources in the single grid-point used in the aspect one in 1981-2010 and also in the nearby located stations for comparison. The trend of solar energy is positive, whereas the trend for wind energy (speed cube) is negative in the given 30 year period. Since, mainly warming characterised those three decades in the Northern Hemisphere, the trends might also be interpreted as responses to the large-scale forcing, though the observed behaviour does not necessarily mean causal relationship with the global tendencies.
Introduction
The development of society and economy is oft en determined by climate, topography and water availability. This relationship is in the focus of our present research on renewable energy sources and energy effi ciency in the Eger Energy Region, NE Hungary. Natural conditions for the utilisation of the resources and the associated societal conditions will be discussed in the paper. The Eger Energy Region consists of 23 sett lements including the county seat, Eger. The area of the region is 718 km 2 ; its population was 92,483 inhabitants in 2009. The present study deals with solar and wind energy. Results of spatial and temporal analyses of global radiation and wind speed data will be presented below. Gridded data values will be compared with those of one single station located very close to one of the grid-points. The annual cycle of the area-mean values and the standard deviations of the diurnal means as well as distributions will be presented. Finally, the point-wise linear trends of annual and seasonal solar radiation and wind cube values will be given for the grid-points.
Data and methods
In the meteorological practice, solar energy is observed on a horizontal surface. Wind energy is related to 10-metre height above the ground. None of them is considered as maximum available energy since the optimally directed and tilted solar cells as well as the higher-elevated wind turbines will provide more energy. Nevertheless, the smooth spatial distribution of both energy sources provide a fi rst insight into the availability of the energy, since direction and tilt modify the energy independently of the spatial coordinates, except in the case of extreme topographical conditions. The logarithmic dependence of wind speed from the height does not explicitly vary with horizontal coordinates, either.
The presented results are mainly based on grid-point data in a ca. 50×50 km area containing the Eger Energy Region (Figure 1 ). More exactly, the gridded data are characterised by their geographic limits of are 47.6° and 48.1° Northern latitudes and 20.0° and 20.7° Eastern longitudes. The gridded data obtained by the experts of the Hungarian Meteorological Service are also available on the Internet (www.carpatclim-eu.org). The interpolation was performed for the whole country also involving some near-border stations of the neighbouring countries. Hence it is diffi cult to assess how many stations were involved in the interpolation. From the meta-data, one can establish that allowing 0.6°-0.6° wider areas than the rectangle, the area contains 7 stations for wind speed but only two stations for sunshine duration. The data series is available for 1961-2010, but we use the data of the 1981-2010 period which coincides with a more or less even warming period in the Northern hemisphere which is also confi rmed by the recent IPCC AR5 Report (IPCC, 2013) . The area of computations is characterised by variable topography, though the majority of the highest hills of the investigated rectangle are not included in the region. The average height of the rectangle is 205 m, the standard deviation of the elevation of the 48 grid-points is 150 m. The highest located grid-point is at 866 m a.s.l., whereas the lowest point is at 86 m a.s.l.. There are 12 grid-points below 100 m a.s.l. and again 12 grid-points above 300 m a.s.l.. For these features are considered by the interpolation methodology is applied.
The input data of the stations underwent on a homogenisation process ("MASH" by Szentimrey, T. 1999 ) to avoid non-realistic fl uctuations and to obtain a statistically optimal interpolation ("MISH" by Szentimrey, T. and Bihari, Z. 2006) . The latt er does not only use the spatial correlation of the elements but also the temporal correlation which is not known in any other spatial interpolation methodology. Both statistical processes are described by the authors at htt p://www.carpatclim-eu.org/docs/mashmish/mashmish.pdf.
In the given database wind data are derived from direct measurements, but solar radiation data are estimated from sunshine duration applying the method of Angström, A. (1924) modifi ed by Prescott, J.A. (1940) .
For comparison, the point-wise observed data measured by the standard meteorological station of Eger (47.90° N, 20 .39° E, 225 m a.s.l.) are also used for much shorter periods, namely the data of 2001-2010 for global radiation and those of 1996-2010 for wind speed. The point-wise values are compared with the grid-point data at the point of 47.90° N latitude and 20.40° E longitude. One must note that the station Eger was not involved in the grid-point value derivation due to the sparse data availability in 1961-2010.
The statistical calculations applied below are fairly simple: averaging is based on the diurnal values. Standard deviations are also computed for the diurnal values to represent diurnal variability of the available energy. The trends are determined by the method of least squares. The signifi cance of the trends is not estimated, the correlation coeffi cients are added for orientation.
The validations of the gridded data both for global radiation and wind speed cube for Eger are presented in the next part of the paper. The validation is crucial from the point of view of feasibility to apply the gridded data in the evaluation of energy potential in the region.
The annual cycles of the gridded global radiation and wind speed data based on the area mean values will also be presented. Not only the annual cycle of the means but also the standard deviations are in the scope of the evaluations to describe the stability of the available potential.
The estimated spatial diff erences for the climatic means and standard deviations of January and July months will be detailed too. Geographical distribution around the mean values is also mapped exhibiting interesting spatial patt erns despite the small size of the investigated rectangle.
Finally, we return to the point-wise values of Eger to explore the longterm tendencies in the time variations of global radiation and wind cube at 10-m height.
Validation of the grid-point data
The fi rst important question concerning the grid-point data is whether they refl ect the real values correctly, especially under the circumstances of complex topography. We could make this comparison only between the meteorological station of Eger and the nearby grid-point. The horizontal distance between them is less than 1 km. Note that the station was always involved in the interpolation. Table 1 represents a fair agreement between the global radiation of grid-point (R cc ) and the observation by the station (R obs ). The diff erence between the means of the 30-year period and the means of the 10-year period is rather signifi cant though in case of comparing the shorter station data series with the identical gridded data, the diff erence is increasing. That statement also refers to the medians. The standard deviation values taken from the identical ten-year periods, however, are closer to each other. The maxima and the minima are fairly close to each other, as well. So, the grid-point values can be considered as a fair approximation for global radiation with no considerable biases.
Global radiation

Wind speed
Unfortunately the grid-point values of wind speed cubes (F cc ), i.e. the fi rst approaches of the available wind energy (Table 2) do not perform so well. The 30-year climate estimate is 50% larger than values observed at the station (F obs ) during a 15-year period. About half of the diff erence disappears if we compare the identical time periods. The remaining diff erence is still 25%, i.e. the gridded values overestimate the wind cubes by that value. The medians are also a bit overestimated. The standard deviation of daily values diff ers even more signifi cantly. The diff erence between the 30 years grid-point values and the 15 years station values is above 100%, roughly the half of which remains when comparing the identical periods but diff erent data. This strong overestimation peaks in case of maxima with almost threefold diff erence between the 30-year gridded and 15 years local data. Due to the diff erence, the statistics of wind will be mapped only for its fi rst power (instead of its cube).
We would like to emphasise again that the Eger station was not involved in the grid-point value derivation, since the observations were performed at diff erent sites during the basic 1961-2010 interpolation period. The above validation is a good example for any point of the Eger region, because the grid-point data are completely independent from the station-data. Figure 2 illustrates the annual cycle of global radiation and wind speed by the areal mean values based on the gridded data, also indicating the highest and the smallest values of the 30 years average values of monthly total radiation and monthly mean wind speed. The July maximum of global radiation is slightly over the June value explained by the annual minimum of cloudiness in July.
Areal-mean daily statistics
Averages of global radiation and wind speed
Standard deviations of the diurnal values
The climatic mean values provide fi rst insights into the available energy resources. The knowledge of diurnal variability around these values is also important. Figure 3 presents the standard deviations for the daily sums of global radiation and the daily mean wind speed which, certainly, refl ect the strong annual cycle of global radiation, but they behave diff erently from the annual cycle of wind speed (Figure 2) . 
Mapping diurnal means and standard deviations
Global radiation Figure 4 illustrates the spatial distribution of global radiation in January and in July. The data represent the diurnal mean values. The maps were created by the ArcGIS soft ware. The annual cycle of global radiation is mainly determined by the astronomical diff erences at the given latitude, i.e. the early summer maximum of the zenith angle, the length of daylight and by the annual cycle of cloudiness which is the lowest in July.
The standard deviation maps of the diurnal data can be seen in Figure 5 . Here, again, the fair estimation of standard deviation by the single grid-point value near Eger in the above validation allows for considering the above maps confi rming the estimates of the real standard deviations. Only the peak value of standard deviation in the 47.9° N 20.0° E grid-point is infl uenced by the mountainous station of Kékestető located almost there, nearly 1,000 m a.s.l.. Here, cloudiness may cause strong time variations in radiation. That eff ect is present only in July, but not in January when there are clouds at any elevation. The standard deviation values of the diurnal mean values of wind speed can be seen in Figure 7 . Their structure also contains some surprising local extremities which are hardly real consequences of the real topography. Hence, even if the maps represent the linear wind speed estimates, the spatial patt erns of both the averages and the standard deviation are rather uncertain. 
Observations
Global radiation
The long-term trends are presented in a single grid-point located at the shortest distance (ca. 1 km) from Eger. The CC series are based on the derived values from sunshine duration (see above). It is fairly convincing that in the last 10 years with frequent observations, the inter-annual fl uctuation occurred parallel in the two series (Figure 8) .
The annual totals of global radiation exhibit unequivocal moderate trend of 5.31 MJ/m 2 year. Comparing it with the average value of the 30-year period, it can be establish that it is the only 1% per decade. It means that the future development of solar energy industry will hardly depend on the direct eff ect of climate change.
According to Figure 9 the two seasons with the highest absolute values, i.e. summer and spring exhibit increasing trends, whereas the two other seasons are characterised by decreasing trends. Both the absolute diff erence and the diff erences of steepness of the trends support the positive trend of annual global radiation presented in Figure 8 . Since the observed 1981-2010 period coincided with a global warming period. The trends can also be interpreted as a result of a monotonically warming period of 30 years.
Wind energy
The same analysis is performed for wind cube data and their annual means shown in Figure 10 . The diagram indicates a considerably decreasing trend in 1981- 2 ) in the near-Eger grid-point (CC: 1981 (CC: -2010 ) and the local observation in Eger (Obs2) Fig. 9 . Seasonal trend lines in the CC series of global radiation with the linear trend and the explained variance (square of correlation coeffi cient) by the given trends 2010. As stated previously, the diff erences between the gridded and the point-wise data are rather big. However, the strong biases may have been constant during the 30-year period. The wind speed trends of seasonal means are presented in Figure 11 . They equally demonstrate the decreasing tendency which makes the reality of the trend in the annual mean even more convincing.
Discussion
The gridded global radiation data may be considered as fairly good approaches but this is not the case for wind data. In both cases, data compared with the data of Eger station were not involved in the interpolation. Hence, both experiences can be considered to be based on the comparison of independent data.
The presented mapping is based on the probably best available statistical interpolation using input data from the whole country and for some stations near the border. In principle, it promises a bett er estimation of real values than any other interpolation using a smaller dataset. MISH does not only use spatial but also temporal correlations, which may also improve the interpolation. Furthermore, the statistical homogenisation of the data allows avoiding the biggest errors of initial observations. The spatial structure of the wind speed is derived without the fi nest spatial structure of the region. Of course, at higher altitudes where the wind turbines are generally operated, the wind fi eld is smoother. Nevertheless, the real wind turbines would need site-specifi c dynamical modelling as generally requested in the feasibility studies.
The observed trends are convincing both for the increasing global radiation and for the decreasing wind speed. The positive experience of the validation for global radiation supports the established trends, which cannot be repeated for wind speed cubes. Moreover, the trends do not necessarily mean that they continue in the future if the global warming continues.
